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(54) PLASTISOL OF AN ORGANIC POLYMER AND 
A PLASTICISER 

™ TnnnsnN GMBH, a German Body Corporate, of Hans-bunte- 

10 Squid ptaici*r whid, f.itn. • p«» /5*2j.?S£oSX M 5J«*1 

in the PVC could also endanger people during processuig, ana possioiy 
consumer if the plastigel comes into contact with wodstutts. sensitive 
-„ PVC-plasrisols also suffer from the disadvantages in that PVC is oom sensmv 

20 to light and heat, and that there is a tendency to- spht of *«*"f^SSntaa5 

spUtting^ of hydrogen chloride represents a ^^J^^^^T* 

^^^^^^^^^^ 

g=£ thzsz ass p 

I^UtiVelv hiKh baking temperatures in order to obtain veryshort geUing times, in 
*S chances the dagger of Vf^^^MfSS^A^m 00 

^r^m^^ttt^K alky! methacrylate or cyclohesyl 
35 m «^^° 0 r r more of ^ monomers and one or more com°nomera *kc«d 
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temperature of above 35«C and an average degree of polymerisation *J^J** 
400* and (b) 30 to 1000 weight parts of an organic liquid component ^rves 
as a compatible plasticiser for the organic polymer, to form a viscous ^?P^ ^mg 
ahqrid or paste-like appearance and a viscosity index V a/0 (as hereinafter defined) of 



SSse plastisols possess the excellent processing and product qualities of PVC- 
nlastisols but gel at lower temperatures and are also chlorine-free so that there can 
K spUtS off of the chlorine or hydrogen chloride. The average parade > size of tte 
polyme? used is preferably increased proportionally with the decrease of its glass 
transition temperattire T c , The glass transition temperature is preferably above 60 C 

To obtainable results, the degree of polymerisation of ^^S^^O^S? 
be at least 400. Advantageously the degree <A ! polymerisation lis ^ w «^00and 20,000, 
corresponding to an average molecular weight of about 40,000 to 2 000,000. 

The preferred polymer component consists substannally wholly of one kind of 
units derived from t-butyi acrylate, methyl, ethyl, n-propyl, isopropyl, n-buty^ sec-^utyl 
or t-butyl methacryiate or cyclohexyi methacrylate, i.e. is essentially a homopolymer. 
Methyl methacrylak is preferred. The alcohol acrylate or methacrylate comonomers 
SlyS alkanol alcohol component, i.e. are unsubstituted and saturated, and 
Se type (i) monomers, Le. those listed above, will generally P Kd ^^ ft ° n v ^^°f s 
of tvoe (iii The preferred copolymers are those m which one of the monomers is 
■^S^^L^J and constitLi at least 40%, preferably at ^ 50% ; ^ weig^ 
of the total monomer units, and the other component is a C„ 4 alkyl methacrylate, 
especially n-butyl methacrylate, or a C M alkyl acrylate. . 

However, only those copolymers whose glass transition or soUdification tempera- 
ture is above 35°C can be employed in the plastisols of the present invention. The 
glass transition temperature T, of a particular copolymer can be calcukted beforehand 
by the Fox formula (T. G. Fax, BulL Am. Phys. Soc, vol. 1, 123 (1956)): 



1 W T w 2 ^ w„ 
Tc7"tT ~ T B 



wherein \v\ represents the weight portion of monomer 1, W 2 the weight portion of 
monomer 2, T x the glass transition temperature of the polymerised monomer 1 in 
T 2 the glass transition temperature of the polymerised monomer 2 in K, tne 
glass transition temperature of the copolymer in °K. 

The average particle size of the polymer used must be from 0.1 ^m to 500 ,um, 
preferably from 0.3 to 200 fc um. If too large a particle size is used, the plastisol obtained 
will not have an adequate internal bond, and no complete gelling of the polymer occurs. 
If the particle size is too small, the storage stability is inadequate, i.e. gelling occurs 
even when the polymer is left to stand. 

The accompanying drawing is a graph in which the logarithm of the average 
particle size (in t um) of the organic polymer (a) has been plotted against the glass 
transition temperature T« (in °C) of this polymer. There is an interdependence between 
the average particle size of the polymer (a) and its glass transition temperature I e 
such that the polymers most suitable for the plastisols according to the invention 
substantially occur within the triangle XYZ formed by the coordinates (minimum glass 
transition temperature, log [maximum average particle size]), (105°Q log [maximum 
average particle size]) and (105°C, log [minimum average panicle size]). It can 
also be seen that the higher the glass transition temperature of the polymer, the lower 
can be its average particle size. However, extremely fine-grained polymers with a low 
glass transition temperature are not suitable. 

It is also within the scope of the present invention to use two polymers having 
different average particle sizes. As a result of using a mixture of a fine-grained and a 
coarse-grained polymer, it ts possible to control with certain limits the flow character- 
istics and plasticiser requirements (cf. e.g. German Patent Specification No. 934>498). 

Both suspension-polymerized and emulsion-polymerized acrylic polymers are suit- 
able for the plastisols according to the invention. In the case of suspension-polymerisa- 
tion, the desired particle size can be controlled by the stirring rate, and in the case 
of emulsion-polymerisation by the quantity and type of emulsifier. The particle size 
of the polymer is determined in conventional manner, e.g. by means of a Coulter 



counter. 



Preferably 65 to 800 parts by weight of plasticiser are used per 100 parts by 
weight of polymer. 



The plasties selected must of course be ^S^j^uS days^r 

cular aTtyKlymer. A useful simple test o * is ftat at ta«8 days « 

the gelling of the ^^25^ deJXx both on the type 

approximately 5 tn 25% of bu^ methac^Ute^ piasticisers is the storage 

eg. on a 1: 1 potymer/plasuaser mixture) in the touowing mam 



fa* 

V,/,= — 

1o 



wherein V.,, repots the the initial viscosity of the plastisol, and 

^theplasusolvis^ityafter standmgfor saays methods of determination, 

The viscosity ? s d«ermmed by means^nv^wn indicated above the 

eg. with a rotary viscometer (Dwge). According u be low 3.0, i.e. the 
viscosity index of the plasnsol of the g^^^iS the initial viscosity of the 
viscosity may only rise a maximum o !ka ^*^^^d stiU not necessarily always 

reference to the accompanying drawing. With* rto ^S^Sle plasticiser within 
suitable acrylic polymers, there ^^^^TcL be ^ibSed with a particular 
which are located to-se acrylic P^Pf!^*^ 2? jSiSl plasticiser. are limited 
plastfcizser to give a usable (hypotenuse of the 

laSefby^^ 

molecule have proved P^^ r *^* f ° r &SSSI dtonzyl phthalate, di- 
includes, for example, ta^*™^*^ KSf&Sffi dibenzyl Senzoate, and 

feSffi are^ed^^ * 
When methacryhc copolymers are usea, generally m t_ * inadequate 
increases, but in many cases ^$S££yta and 85% methyl 

stability. For example, for a copolymer of 15/= n ^Dutyii m * phthalate, diisobutyl 
metbaSyhite with an ^^"^iffiite ab^e-indicated 
phthalate and diamyl phthalate are ^3^*^ pa rticle size is reduced to 
piasticisers. However, if in the case of "^^'^^ricisers rises to at least 3.0. 
2 ,um, the viscosity index for m**** "SS3e as piasticisers. 
However, tricresol phosphate and ^ b J^*, n ^Se ^unonyl phthalate and others 
^T^At^^LtA f«i Obtain an adequate 

^CSase of a copolymer consisting of 50 pans S^tS$?2S?£ 
and 50 parts by weight of methyl metocry ate ^having £ p ^ 

of 50 «m, even if to ^^^^^abXmto^eTpSisers. However 
adequate storage stabihty with most of the acove^ maicaw ? . hthalaK and 
dtoSyL phthalate, dinonyl phthalate^ didecyl palate , bu* comomo- 
the lie remain suitable as P»«" » "^Slto to phtolate may proportionally 
mer content in to polymer, the aliphatic groups in the P 1 "™^ ™ „ sebYcates are 
belome longer. While pure aliphatic .^^^^^S^^iP^ 
unsuitable it is then possible to .use containing more than 40% 
^S^A^^&SX^ P-ed suitable for to 
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latter copolymers. In the case of a comonomer content of 70% butyl m«hac^late 

h^KSr^id by Stall) -d m-(«kylhayl)-m=ll.»« lugh-to** 
pKtaTfi, h.™ . good s^illty <m 

MrihkStte Particular acrylic polymer used. In this connection the 0*^™%™* 

It wifl J w improv^tbe abrnion resistance They also permit aeon savmg. Smtable 
fillers are chalks which can, e* be ground SSttaTSS* to. 

zinc or calcium stearate, dyes, pigments and corrosion inhibitors may also be aaaea 

10 ^iSdSn, the plastisols can contain conv«monal .additive* f «»£"*SS£g 
regulators net as emulsifiers and silicones, further oxidanon, light and heat sabllisers, 
Soxide softeners. It is also possible to add foammg^cnts to example azo- 
compouuds which decompose during gelling and f»»^PSl S accord- 
Tr is finallv narticularly important to ensure the adhesion of the piasusois accom 

a i«« S . tt far also TOKible to use epoxide resins with heat-reacting hardeners- such 
t?JS£SJ&%G£tt £ well as amino-silan^ The jta. « promo^ 
conrentlan be present in an amount of from 0.1 to 50, preferably from 1 to 5, parts 

^^S^^lSfiSk co-polymerising a » (based 

Tte^porioTof ^omonomers is generally up to 3% by weight of *e rcntang 
notomer^S Acrylate and/or methacrylate monomers with free carboxyl, hydroxy, 
gg? or ammo g7oups are parucuUrly Stable. In pa rticula* it « P0«.ble to free 
SryUc acid or methacrylic acid, or esters thereof with lower aliphatic oxy, epoxy or 



AtoSSk* adhesion can be improved by copolymerismg monomer(s) of the 
nolvmerTaTwkh from C 1 to 3%, more preferably from 0.2 to 3%, by weight (based 
ffpS^S copolymer or moWner/s to be polymerised) of one or more 
^pSymSle monomers having a heterocyclic group with "^Sd bfe 
m the ring. Excellent results have been obtained with amounts of die copol^ensaDK 
he^oS compound in this rang* Optionally, »««5^ ta P2K^t^S; 
cyclic compound(s) can be increased, e.g. to up to 5%, and m special cases even up to 

10 ° /q P^feMbl^ a heterocyclic vinyl compound of the general formula 



Ri 

CH 2 = C— (CH,).— R s 



10 



JL-OR*, — COR 3 , or — R« 

of imSazole, imidazoline, ^"^^i ^th« heterocyclic compounds with at 
least one nitrogen atom ■ » <ft ■g^^ acrylic or methacryhc acid esters tne 



25 



30 



35- 



40 



45 



10 



50 



55 



30 



me« the requirements of the *vfflti^or. S^&ymer or with a copolymer which 
can he blended ™* » "^^ffiSSon^* a betcrocycUc compotmd. In 
has been further modified by "-f^?;^ properties can be obtained. 
Sis manner, particularly f£Ourabte Aeotogi ^P*? wbich react with each 

It is also possible to blend copolymers with epoxy groups and of 

dependent^ the particular vi^, Jr exampl e by applying ^ gprayMg 
with a brush, applying with a paint gun, ^^Z^ pouring or immersing. 35 
^Wffh pressure (without air), scraping on, JdledTFor this purpose tem- 

y fi,Jll7to form the plastigel the plastisols mu^KS^ piastisol composition 
pe^SK 'about 75 and 240 C « i^J^^g t£e is between two 
SuL particular working -JSThSiSS? JU *» * hCt 40 

n^p*^ mi ge Ued to form shaped 

mC T^tertsob according to thetnv^on«m tajgfjea corrosion 
plastics articles. The plasasols are P*f^g od ^™ tec tion for automobiles, trucks 
fnhibitors for steel sheets, for example as uw tab oayp ^ ^ 0U t foldmg 
and buses. The plastisols can also be used tor seam ^pounds, expanding 45 

wstems, as metal adhesives, coating c^poun ds, sp ot^ wem b ^fe^ged seams. 
S1^7 sealins agents for spot welded sheets ana tor sea^ substrates 
STcSrft bTused for imf«r«X a T coSs,^t backings, packaging 
S as tarpaulins, artificial leather, «°« J^^Xi process, it Is possible 
materials conveyor belts and driving belts, using tn= '"""-r^ plastisols may also be 50 
^produce hoUow bodies, gloves, boots^ finge staUs ,*c. ™\P^ and folding 
Ihaled and gelled to form "^e^^lSjtomd injection moulding highly 
£a. plaltic seals for t^iSnrSfX^ging cords, trays, t^col 
elastic sections and items such, as «anng stn PJ £ riate piasticisers and addmves „ 
components and to rojmg^ls W &o suitable for packagmg food- 5- 

The foflowing Examples 3 . 4,6.8,10, ,15 »^ ^ ^ 24 Ke comparaU ve. All 
£S£3J£$S^ par£ by' weight unless otherwise stated. 

Tabl e 1 gives the resilts — "« 1, 2. 7. " - «<■■ 
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" " The following mixture is *Jg£& a stirrer and applied with a doctor 
blade to a degreased steel sheet: 
30 parts PMMA (30 ^m) 
30 parts butylbeazyl phthalate 

36 parts chalk 

3 parts triethyleneglycol dimethacrylate 
0.3 parts tert.-butylperbeiuoate strongly adhering film . 

If this mixture is gelled for 20 minutes at wv ^ » 
is obtained which has good anti-corrosive properties. 

Example 17. 

30 parts copolymer (MMA/BMA 50/50) (50 jun) 
30 parts dinonyl phthalate 

40 parts chalk 7A m x 

5 parts resordnol resin (*"^« JjT?b v gelling it at 170°C between two 
This mixture was tested as a metal adhesive by J^ang } d 

metal plates of (a) steel and <b) ^7 g/ ^! ^Ton^area and 0.3 mm 
strength of (a) 52 kg/cm 4 and (b) « Kg/cm ^ . ' a copolymer with 

rS£^^'& ^ .TS'SSV */cn, is 
obtained. 

Example IS. 
24 parts MMA/BMA 85/15 (2 /on) 
33 parts dibenzyl toluene 
40 parts chalk 

^TSSfSS'Sfw minutes at 170°C and formed a highly elastic solid 
foam with 100% foam expansion. 

Example 19. 
20 parts PMMA (particle size 30 ^un) 
30 parts butylbenzyl phthalate 
45 parts chalk ^- v 

mixing ratio of 1:1. 



TABLE 2 





Particle 
size 
fan 


Viscosity in cP 






Polymer 


immediately 


after 
8 days 


Compati- 
bility 


Elasticity 


100% PMMA 


30 


22000 


16000 


good 


hard 


MMA/BMA 
85/15 


2 


163000 


218000 


good 


hard, 
tough 


MMA/BMA 


60 


23250 


22250 


good 


elastic 



50/50 



Table 3 shows the the^Tfe \i " ^ " 

PVOplastisol with a baking cycle of 30 minutes at 150 C. 



TABLE 3 



10 



15 



20 



25 



30 




Emulsion PVC, K-value 74 (2 /xm) 
PMMA (30 /xra) 
Chalk 



Butylbenzylphthalate 



Viscosity 
in cP 



Cold elasticity 

Discolouration 
after 14 days at 

Abrasion (mm/min) 
after 14 days 
storage at 



immediately 
after 10 days 

V lQ/0 
-40°C 

120?C 
150°C 

amb, temp. 

120°C 

150°C 



45 
35 

36000 
21000 

0.58 



slight 
black 

0.016 
0,039 
1.280 



20 
45 
35 

52500 
18000 

0;34 



slight 
slight 

0.045 ' 

€.390 

0.220 



35 



rose by a maximum of 5 times. 

Example 22 (comparison). 
On comparing the following mixtures:- 

25 putt PVC (paste type, emulsion-polymerised, K value 74, 2 .urn; 
40 parts chalk 

5 parts iron oxide (magn.) 
27 parts DOP . . 

3 parts triethylenegrycol dimethacrylate 
0 3 parts tert-butylperbenzoate 

md *5 ^^e?MMA/BMA 50/50) (50 , a igtid. *^ 

in placet PVC% ^r^T^VC^LSa^" 

the two sheets by spot welding, in «st ot tne r v*- ^pronounced corrosion 

^^n^JJ^^^P^^" ^ *— * ^ 
case of the methacrylate plastisoL 

Example 23 (comparison). 

On gelling four plastisols 

a) 60 parts PVC (as in Example 22) 
40 parts DOP 

b) 60 parts PVC (as in Example 22) 
40 parts DBP 

c) 60 parts MMA/BMA 50/50 (50 v am) 

40 parts DOP 

d) 60 parts PMMA (30 ^m) 
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" Example 29. * ht of a. copolymer from 

(a) A plasusol ^^^^(A^IA/bLaI! : 15 5 particle size appro*- 

^SSkwsi^ ^ « *«* 100 °» *■ ou,u " ) 

28 kg/cm* was obtained. 



^^'20 oarts by weight of copolymer 
A further plastisol was pKfffd illieTize 10 microns, 35 parts by 

to c«m!»i«lv. JIJS, "Sdwto »ot copoljton*! with 

adhesion wis considerably improved. 

TABLE 5 , 2 

Bonding Strength Values in kg/cm 
after Gelling for 30 Minutes at 




Benzene 

tricarboxylic acid 
Adipic acid 
Maleic acid 
Itaconic acid 



20.2 
22,3 
34.2 
27.8 



28.0 
19.6 
30.7 
25.3 



40 



Example 33. 

85 parts acetyl tributyl citrate 
5 parts titanium dioxide 
5 parts zinc stcarate 
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s« kmk ss* Ha 1 L --st -iii *£- 
-a tna w ir«s 

satisfactorily. Gasket thicknesses ranging from 20 to » mus ^ 
acceptable. 

Example 34. 

120 parts acetyl tributyl citrate 
S parts titanium dioxide 
5 parts zinc stearate 
4 parts azobisfonnamide ... 
1.5 pamUghtwdghtsiUca (Cib-0-!>u; (g3 diameter) by 

This composition was lined into a wide-mou* jar closure i» (177 « C ). 
convltional mW The lining was flu«sl te L3 ««« ^ d (0 . 3 ; 6 ^g) 
The caps thus obtained were applied to > jars won as* ^ a 

torque and kept at room temperature ^ 24*M» They ^ 
^„ for one'week heme sul ^^^o^kept at room temperamre 
on each cap and jar assembly, ^ r ^ 0 ^ y& . Vacuum was determined at 

%? ( $S>*i£3 a^Sme^t "jars £sted hem 40 mmHg, an accept- 
able performance. 

WHAT WE CLAIM IS:— { ud partic ies of average size 

01 to" 5VSn S C Tro g rganl: substantially of units denved 

'(•"one or more of: t-butyl acrylate, a C w alkyl methacrylate or cydohesyl meth- 

acrylate, or " „_,_„ flnd one or m ore comonomers selected from 

(u) one or more of the above m ° no ™" Icrylates of aliphatic Q-C^o 

metbaoylates of aliphatic C, to U 0 aicon 01s, . ^ ^ transition 

alcohol styrene and al P ha-me*yl styrene, ^J^" ™**? S polym erisation 

rcrthan £ fir-? 5)S^&^pS 

index V, /0 (as hereinbefore defmed) of less ^than 3.0. consi$ts 
^smniaUy of -to <lf «e4 fton «t 1=»» 40/. „ , ^_ j„i 

B» Aft 5S^2£S2?Si - J & „ 

and a comonomer as denned in claim 1. wherein the average particle 

SSSdef Sgyh r^Si«ir. »f *■ ""■"pro"! *»-* 
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8 A olastisol according to any one of claims 1 to 7 wherein the organic polymer 
M conttas S£ up £ i 3% by weight, based on the polymer, of units dmved torn 
in acrylTLiQ/or memacrylai monomer having a hydrozyl, epoxy, ammo or free 
carboxyl^up^ 1 a ? where£n ^ orgim i c polym« 5 

r«> c^ns mftoTo 0 / b| weight of units derived from one or more comonomers 
SmS^h^y^cgro'up having at least one nitrogen am in a^rocyc^; 

10. A plastisol according to claim 9 wherein the propomon of heterocyclic group 
containing comonomer is from 02 to 3.0% by weight. „<„,„.. 10 

11 A olastisol according to claim 9 or 10 wherein the heterocyclic group 
comaming^m^omerTa heterocyclic vinyl compound of the general formula 

Ri 

CH 2 =cL-<CH0«— R* 

in which n is 0 or 1, R, is a hydrogen atom, a linear or branched alkyl group of from 
l\o4 carbon atoms or a phenyl | group, and R a is a group of the formula: 

O 

15 _C— OR., — COR» or — R* 

in which R, is a heterocyclic group having one or more rings, at least one nitrogen 

*° m tri SSl^Sg^ anyone of claims 9 to 11, which .also contains across- 
linking 'agaS T£ amount ol from 0.1 to 3.0% by weight which is capable of reacting 
20 with^het^cUc f-^^rXwherein the cross-linking agent is a poly- 
^ ^SSS^ytt of claims 1 to 13 which also contains from 
25 M M j° X$S££2S£ « preceding claims which contains also 
^WA tttKEiS?^ 2 -bstanuaUy as described in any one of 
^^t^^^V^S^smu^ as described in any one of 
30 Exam f 8 1 f S A 9 p^^fsol according to claim 1 substantially as described in any one of 
to £~iE£d ptoto^des made by shaping and gelling a plastisol according to 
"* »12Sd Jl^s 6 aScte mSe by shaping and gelling a plastisol according to 
0 Sh!ped plastics articles made by shaping and gelling a plastisol according to 
dSim 22 °ALling gasket produced by shaping and gelling a plastisol according to 
40 ^« *SS£ ^^edby S haping and gelling a plastisol according to 

^^"A^aling gasket produced by shaping and gelling a plastisol according to 
claim 5 or 17. 

J. A. KEMP & CO, 
Chartered Patent Agents, 
14, South Square, 
Gray's Inn, 
London WC1R 5EU. 



35 



Wer MalestVs Stationery Office by the Courier Press, I^amington Spa, 1878. 
gu£uted£ 'oflE* ^SouthamptonBuUTO London, WC2A 1AY. from 
J which copies may be obtained. 
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- 8. A plastisol according to any one of daims ^^f^Sfi 

s?^Atawa«a?>ss « — - 

^flS** according to any <me - f J^*iSSjJK 
(a) contains up to 10% by »^ of mw 2X£?«n in a heterocyclic ring. 

contaijimgcomonomerisfromO^ heterocyclic group- 



u- „ • n or 1 R is a hydrogen atom, a linear or branched, alkyl group of from 

o 

a , — COR*, or — R*. 

in which R, is a heterocydic group having one or more rings, at least one nitrogen 
atom being present in at least one ring. . . g u whicn ai s0 contains a cross- 

12. A plastisol according n. any - w. of ctons 9 toll wmcn of reactin g 

linking agent in an amount of from 0.1 to 3.0 /. by wagni wiu v 
^ff mSSw SSgSfit , dSrff wherein the cross-linking agent is a poly- 
^ESSCSSSftt^ of claims 1 to 13 which also contains from 
" "if ^SStSS&'STS of° £ preceding claims which contains also 
UP ^rrpte B a^S?^'claim 2 substantiaEy as described in any on, of 
"^A^^t!^ 17 ^" as described in any one of 

^l^pkSol according to claim 1 subsnmtially as described in any one of 
^^d^tks'atticles made by shaping and gelling a plastisol according to 
My ^.ISfd p^^i^made by shaping and gelling a plastisol according to 
^"haped plastics articles made by shaping and gelling a plastisol according to 
^""sealing gasket produced by shaping and gelling a plastisol according to 

m ^/tsiwiiV^ * **** - d ^ a p^ 501 accotding t0 

^24 °Asealing gasket produced by shaping and gelling a plastisol according to 
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claim 5 or 17. 
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